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Ridge ti I lage is a special conservation il Ltg neth ni hut the 1on—ierni effect of this iii lageysleii on crop vie lii and soil qua] it in a cut n Lea zna 1. and heari { jlcjr_ max 1Merr. } rotation ate largdv unknown in the northern Corn Belt ( )hiccti vs vre ‘‘ ‘oar
performance and s ii I condition at three niti i igen ciii] i/ct live] s Wit ii i idge tillage ( R Pt andconventional tillage (CT. Expem iments were stazied in 199(1 at Brookings. South Dakota onBarnes clay loam ( fine—loam mixed ‘die I-lap] h irul I). on ventional t ii lagc includedinoldho.ud ot chisel plowing, scedhed preparation with tandem disk and fieki cultivator, andcultivation Raised beds on RP plots were maintained using (ml y uo ciii U \‘ati( in. Corn gi
yield was greater on CT than on RP plots in only 2 of i 0 years Average corn yield was 61 90 kha (9 hu/acrel with RP and 6430 kg ha (102tfli/,(’fC) with (‘1’. Soybean grain yield wassignificantly greater on RP than on CT plots in only I of 10 years. Average soybean yield was?020 kg ha (30 bu/acre) with RP and CT. In 9 of 10 years there was a significant soybean-yieldresponse to N starter fertilizer. In the top 0.2 m of soil average organic C was 53 Mg ha” withRP and 40 Mg ha” with CT. total N was 4.8 Mg ha’ with RP and 3.6 Mg ha’ wilh CT. and bulkdensity was 1 38 g crn” with RP and 1.08 g cm with I’T Soil organic (‘ has increased withndge tillagc without a large decline in corn or soybean production.
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)ur study was h ceated on the I .dslcm south [ )akota Soil and \\ arei Research I-arm rica’
Brookings. SI) on a llat-nes day loam oh nearly lc ci topography. Whole plots t ti I Ire) in the
split plot experiment ;‘erc arranged as randonuzed complete block with three replications. Split
jiots cit’ N treatment . Cm n was gri iv. n iii Ic latiort with soybean. Fati I Li op was present i&kL

\eai Plots vere P) m t lOt) feet t one and P1 in n ide I I.e expenrncnt \k.Is \itII’d in I out,
)n conventi( riar tillage I (‘1 ploR. nnarv tulane has been with a inoidhoard or chis1-

plow in the fall of the sear. Primary tillaue since I t)% has been with a chisel plow. Ride I illage.
also called ridge-plant Rh. plots reeer e only row elIlti\ atton lot both corn and soybean eiops.
Cultivation has maintained a raised seedhed on RP plots and no effort has heen made to build 19

knock dt win soil ridges. Rows at ont-ntel in the east-n est direct ion on the Cl’ and RP ft its.
Seedbeds lot corn and sc cvbean on C’ I plots were prepared iii sprine usine a tandem disk

and field cultivator. C orn and soS bean n crc no till planted on t hi’ previi icic erop ri iw rn N I> OlOts

Seeding date, rate, anti variety were the same for all Ullage and nitrogen treatments in a given
year. Depending on weather. seeding has been as early as 5 May lhr corn and I iMay for
soybean Row spacing for corn anti soybean was 76 cm t30 inches). l3oth CT and RP plots were
cultivated twice during the growine season

Nitrogen treatments were: cot ii Iertili>’ed fbi a yield goal ( Y( it of H 5 Me grain ha t I
bu/acre) FIN), corn lertilized flu a \ ( ; of 5 3 Mg grain ha (85 hu/aere) (MN), and c. orn not
fertilized (LN) Samples for soil nitrate-N were collected in the fall or spring, depending on
weather conditions. Nitrate-N was measured using a 2 M KCI extraction and automated
copperized Cd reduction column procedure (Zellweger Analytics. 1992).

Nitrogen fertilizer prescription (NP) for corn on each N treatment was calculated as NP
0.022YG - STN (1.2 lb N/bu corn), where Si N is the total soil nitrate-N. Adjustments Gerwing
and Gelderman. 1996) to NP fbr previous crop or sampling date were not made .Nitrogen

• prescriptions for each tillage and N treatment were met by applying starter fertilizer with the seed
and sidedresstng with appropriate amounts of urea (460 0)- Starting with the 1 996 crop yeat
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establishment on RP plots. Spring 1997 turned unusually dry and plant emergence on CT plots
was delayed until late June following a series of rain storms that re-wetted the seed zone.

There was a significant soybean yield response in 9 of 10 years to low rates of N fertilizer
applied as starter at seeding time (Table 1), Generally, N fertilizer has not produced yieldresponse in other studies. We are uncertain why soybean was responsive to low rates of applied
N, but we think that fertilizer N may stimulate early plant development. Rapid and early stand
establishment could be important to soybean production in northern climates. Our findings are
consistent with recent research from northern Minnesota where soybean yield has been improved
by additional N. Nitrogen, at low rates, may stimulate infection of soybean roots with rhizobium
resulting in improved nodulation (Personal communication with George Rehm. professor,
University of Minnesota, Saint Paul, Minnesota),

There were no differences in NUE due to tillage treatments (data not shown). Average
NTJE for the past 4 years for both tillage systems was 44.8 kg corn per kg N on HN plots. Thisratio is very close to the ratio of 45A5 kg corn per kg N (0.8 bu corn/lb N) used in the SouthDakota and Minnesota fertilizer management guides (Gerwing and Gelderman, 1996; Rehm etaL, 1994). Other long-term experiments in the central Great Plains of the USA suggest 43 kgcorn per kg N (Merle Vigil, Akron, CO, USA, Personal communication).

There is not a definitive set of soil measurements that, when taken together, adequatelydefines soil quality. We measured soil properties thought to be important in respect to nutrientmanagement and plant growth.
Efficient use of N can minimize potential for ground water contamination by watersoluble nitrates. We did not detect significant differences in nitrate accumulation due to RP andCT tillage treatments. Samples for these tests were taken before the 1998 crop year and reflectsoil conditions after 8 years. Total nitrate-N in the top 3 m (10 feet) of soil on RP plots was 111kg ha° (99 lb/ac) and 121 kg ha° (108 lb/ac) on CT plots (Data not shown).
Following a 189-day incubation period, potentially mineralizable N wa 177 kg N ha°(158 lb/ac) on RP plots and 156 kg N ha° (139 lb/ac) on CT plots. Plots with RP also had greateramounts of organic C than plots with CT (Data not shown).
In many studies, soil organic C has been identified as an important soil quality indicatorand tillage, or no tillage, have been identified as having a profound effect on carbon cycling.Organic carbon in the initial grid samples corresponding to the location of present-day plots ineen-ear con’ of RP and CT plots was 16 3 g kg’ sd =22, on RP plots and 169 kg s=1.6) on CT plots. In 1998, organic carbon expressed on a gravimetric basis was 190 g kg onRP and 18.2 g kg° on CT plots. Different analytical procedures were used to detenn inc organiccarbon of samples collected in 1989 and 1998, so it is difficult to quantify exact gains or losses inOC between tillage plot% Howeer in 19Q8 soil with RP had greater amounrc of orat,c Csoil with CT and that is opposite of conditions measured in 1989.

CONCLUSION

:oni-soybc production in the northern Corn Belt of the United States can be difficultbecause of cool and wet conditions. Some tillage may be desirable to accelerate soil drying andwarming and to reduce chemical input for weed control. Our study has. shown no differences insobean yield between ridge tilhge and chisel tillage However on either tillace treatment wefound that soybean yield was increased by additional N applied at seedina. These results were
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Selected soil quality indicators were measured in COfli plots in 1998 following fourcomplete rotations of corn soybean (eight years). Potentially mineralizable N was estimated usin2a modified aerobic incubation method (Stanford and Smith, 1972). Samples were incubated for189 days. Sample N03-N was quantified using copperized Cd reduction column procedure andNH3-N was analyzed using a blue indophenol-type compound (Zellweger Analytics, 1996).Concentrations of N03-N and NH4-N were converted to kg-N ha4 using appropriate soil bulkdensity values and dilution factors.
Additional measurements on samples collected from the top 20 cm (8 inches) of soil wereextractable P, soil organic carbon, total soil N, bulk density and pH. Extractable P wasdetermined using the NaHCO3 method P (Olsen et aL. 1954). Soil organic carbon and total Nwere determined by combustion using a Carlo Erba NA 1500 C-N analyzer. Soil bulk density.adjusted to a dry basis, was calculated from the mass and volume of the bulked soil samples. SoilpH was measured using 0.01 M CaCI2and a soil:solution (weight basis) ratio of 1:2.Prior to establishment of this tillage study, the experimental area was sampled on a 30-mby 30m grid (Maursetter, 1992). Core samples were taken according to soil horizon and soilorganic matter was estimated by loss on ignition (Gelderman et aL, 1995).Statistical comparisons of all measurements were made using analysis of variance andmultiple factor analysis of variance (MIN1TAB, Release 12, 1998). The split plot arrangementwithin randomized blocks was such that factor 1 was tillage (whole plot).

RESULTS AND DISCUSSION

Our field trials covered some of the wettest and coldest periods in the South Dakotaclimate record. Precipitation totals from 1991-1995 were the greatest in more than 100 years andthe 1992 and 1993 summers were the coldest consecutive summer seasons on record beginning1890 (Alan Bender, South Dakota State Climatologist, Brookings, SD). Corn and soybean yieldswere least in 1992 and 1993 compared with other years in the study. However, even during theseadverse growing seasons, corn and soybean yields on RP were equal to CT.Corn grown using conventional tillage has outyielded corn grown using ridge plant by anaverage of 240 kg grain ha (4 buJacre) during the past 10 years (Table 1). However, only in 2 of10 years was corn yield with CT significantly greater than corn yield with RP (Table 1). Often,there are not clear relations between tillage intensity and crop yield and our findings are typicalof other cropping and tillage studies. Chase and Duffy (1991) found that moldboard plow tillageresulted in the highest corn yield in a 10year tillage study conducted in Iowa. In contrast, Buhler(1992) found that corn yields were not affected by tillage systems in Wisconsin.There was not a consistent tillage x N interaction every year, but there was a significantresponse to N each year. Tillage could be expected to change distribution of N, concentration ofN, soil temperature, ard soil water content. These factors could result .in differe.nces in grainyie1.d There were no differences due to tiliage in corn plant populations. (Data not snown).Sobean yield using conventional tillage was about the sane a yben y ed r ,rplane. Average yield of soybean was 60 kg grain ha’ (1 hu/acre) greater with CT than with RPdur’ng the past 10 years Onl once in 10 uas there a significant difference in weld due to tillagetreatments and this occurred in 1997. Soybean grain yields with RP exceeded grain yield with CTby 370 kg grain ha1 (6 bu/acre) in 1997. We attribute this yield difference to early stand

246



unusual ecause stud js lueted in ou1 l:ei n Jimates siu)W %oVhean yield unal leted h\ \addition. In cooler ujimates. low r:i[e’ of \ t ecdin’ mn\ m:plv um’ihee r.p:d ‘Lintdcvehpineni and improve nodulatu m of soybean. (. ‘orn yield. averaged over if) vears vas d) la’tain ha t4 bu!acie ereater ‘n ehiNel tilke thau ou iidge tillaee ptot. ‘I heir \v iittl.difference in N.JE or soil mu ate accumulation due to the two ti I lae svstein. Ridce liliace canprotect oi1 from erosion because CIOJ isiJ’s remain imditur bed on the soil sur!ace in eoufla’to conventional ii] lace v here residue was mcoi porated We anticipated finding gc’a’er U astin sod properties due to these t o tillage systems hecause soil on the ridge ullage plots has notbeen stirred by tiflage. We found unIv subtle difier’ence in s’ii propcrtic between the t’\’
stems \olably. sd organic (. on ridge tiHage plots was 34 percent reater than on chiseltillac pints The increase of soil oreante C on udge tillage plots occurred durin’ the past \ ‘arsand we equate gain ot soil oigJm C’ to sOil mipr-oement. Soil organk C is dii ticult to ‘hui Idusing even the best iHage or i. ruppinc ssslcm and it is I mp rt1mt II seek manaetiient p1 wi n_esthat sustain the soil resoutee vhih TflflT1tiH11” i’omrt’tjt’”’ “r’r ‘! Ft.rL rimproved soil quaht in respect n olgame carbon without a large deci me in grain production.
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1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Ave.
---——- Cornyield(lgfha)-—-—Tillage (Ti

RP 8450 8320 4400 2160 5050 5360 7500 6750 7620 6290 6190CT 8050 8300 4190 2240 6080 5800 8260 6930 7870 6540 6430Fertilizer (N
H 9130 9800 6440 3880 8780 7160 9090 7280 8690 6800 7700M 8710 9580 4690 2520 5840 5070 7710 7220 7880 6920 6610L 6910 5540 1750 200 2070 4510 6840 6020 6660 5520 4600p value T ns ns as as as as 0057 ns 0.076 asp value N 0.001 0001 0001 0.001 0.001 0.001 0.001 0004 0.001 0.002pvalueTxN 0.061 as as 0047 0.031 as as ns 0008 as

—-—---—-------- Soybeaayie1d(kg/ha)—.----.-Tillage (T)
RP 2090 2190 1580 1220 1740 1830 2640 2480 2110 2060 1990CT’ 2240 2100 1590 1660 2010 2050 2740 2110 2110 1920 2050Fertilizer (N)
H 2410 2520 2030 1820 2780 2300 2700 2410 2200 2080 2320M 2070 2060 1800 1380 1590 1760 2810 2270 2020 1970 1970L 2030 1840 920 1110 1260 1760 2570 2200 2100 1910 1770p value T as ns ns ns as as as 0.049 ns nsp value N 0.082 0.001 0.001 0.00 1 0.001 0.001 0.006 0.025 ns 0.029as as ns as as 0.018 as ns as as

Table 1. Mean corn yield (15,5% grain moisture) and soybean yield for ridge plant (RP) andconventional tiliage (CT). Nitrogen treatments for soybean were starter fertilizer only. Starterwas applied to corn and soybean as 14-36-13, 7-36-13, and 0-36-13 cN-P205-K20)on H, M, andL treatments, respectively, at 112 kg/ha. Corn N fertilizer treatments were corn fertilized for ayield of 8 5 Mgfha (H), corn fertilized for a yield of 5 3 Mg/ha (M and corn not fertilizcd (L)
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